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(54) ORGANIC ELECTROLUMINESCENT ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract 

PROBLEM TO BE SOLVED: to provide an element capable of 
restricting generation of leak current by forming film thickness of an 
organic compound material layer provided at a transparent electrode 
side of an element formed by laminating a transparent electrode, an , 
organic compound material including a light emitting layer, and a 
metal electrode at a film thickness, which generates the minimum 
value between the primary maximal value and the secondary 
maximal value of the light emitting efficiency characteristic in 
relation to the film thickness, or more. * D 
SOLUTION: An organic compound material layer 4d except for a 
light emitting layer is laminated on a transparent electrode 3 formed ** 
on a translucent substrate 2 by deposition till an optical distance 
from a light emitting interface 10 of the light emitting layer to the s 
interface having the maximum refraction factor stage difference 
becomes an even number time of 1 /4 of the light emitting wave 
length „. The light emitting layer and an organic compound material 
layer 4D of a meta! electrode 5 side are laminated on the organic 
compound material layer 4d of the transparent electrode 3 side till v 
the optical distance from the light emitting interface 10 of the light 
emitting layer to the interface of the metal electrode 5 becomes an 
odd number time of 1 /4 of the light emitting wave length ,„ and the 
metal electrode 5 is formed thereon. With appearance of the light 
emitting efficiency peak having 'a high degree of priority, the organic 
EL element capable of restricting the generation of leak current can be obtained. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organic compound ingredient layer which contains a transparent electrode and a luminous layer at 
least on the substrate of translucency, It is the organic electroluminescent element which the laminating of a metal 
electrode and the ** is carried out to order, they are formed in it, and has the interface of the maximum refractive- 
index level difference in said organic compound ingredient layer or said transparent electrode by the side of the 
transparent electrode bordering on the luminescence interface of said luminous layer. The organic compound 
ingredient layer by the side of said transparent electrode so that it may have the thickness more than the thickness 
which produces the minimal value between the luminous efficiency of the primary maximal value in the luminous 
efficiency property over the thickness by the side of the transparent electrode of said organic compound ingredient 
layer, and the secondary maximal value The organic electroluminescent element characterized by being formed. 
[Claim 2] For the thickness by the side of the transparent electrode of said organic compound ingredient layer, the 
optical path from the luminescence interface of said luminous layer which emits light considering the light of 
wavelength lambda as a principal component to the interface of said maximum refractive-index level difference is 
the organic electroluminescent element according to claim 1 characterized by the thing which one fourth of even 
times, abbreviation, etc. for said wavelength lambda spread, and which is formed so that it may become. 
[Claim 3] The thickness by the side of the metal electrode of said organic compound ingredient layer is an organic 
electroluminescent element according to claim 2 characterized by the thing for which the optical path from the 
luminescence interface of said luminous layer to an interface with said metal electrode spreads one fourth of odd 
times, abbreviation, etc. for said wavelength lambda, and which is formed so that it may become. 
[Claim 4] The organic compound ingredient layer which contains a transparent electrode and a luminous layer at 
least on the substrate of translucency. It is the manufacture approach of an organic electroluminescent element of 
the laminating of a metal electrode and the ** being carried out to order, they being formed in it, and having the 
interface of the maximum refractive-index level difference in said organic compound ingredient layer or said 
transparent electrode by the side of the transparent electrode bordering on the luminescence interface of said 
luminous layer. One or more of said organic compound ingredient layers except the luminous layer which should 
make the light of wavelength lambda emit light as a principal component on the transparent electrode formed on the 
substrate of translucency By becoming thickness on which the optical path from the luminescence interface of said 
luminous layer to the interface of said maximum refractive-index level difference spreads one fourth of even times, 
abbreviation, etc. for said wavelength lambda The 1 st organic compound ingredient layer formation process which 
carries out a laminating and forms said organic compound ingredient layer by the side of a transparent electrode. 
The optical path from the luminescence interface of said luminous layer to an interface with said metal electrode a 
luminous layer and said organic compound ingredient layer which remains by becoming thickness which one fourth of 
odd times, abbreviation, etc. for said wavelength lambda spread on said organic compound ingredient layer by the 
side of said transparent electrode the 2nd organic compound ingredient layer formation process which carries out a 
laminating and forms said organic compound ingredient layer by the side of a metal electrode, and the metal- 
electrode formation process which forms a metal electrode on the organic compound ingredient layer by the side of 
said metal electrode — since — the manufacture approach of the organic electroluminescent element characterized 
by becoming. 

[Claim 5] Said organic compound ingredient layer and metal electrode are the manufacture approach of the organic 
electroluminescent element according to claim 3 or 4 characterized by a laminating being carried out by vacuum 
evaporationo. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses the organic compound which presents the electroluminescence which 
emits light by impregnation of a current, and relates to the organic electroluminescent element (henceforth an 
organic EL device) equipped with the luminous layer which consists of this organic electroluminescence ingredient 
and its manufacture approach. 
[0002] 

[Description of the Prior Art] Generally, as shown in drawing 1 , the organic EL device using an organic compound 
ingredient is a component of the current impregnation mold which has diode characteristics, and is a component 
which emits light by the brightness corresponding to the amount of currents. The plurality of this component is 
arranged in the shape of a matrix, and a display panel is being developed (JP.8-315981 A). The substrate which 
carried out patterning, formed on the glass substrate 2 as the screen by etching after forming the film of indium 
stannic acid ghost ******** ITO, and was made into the anode plate 3 of a transparent electrode is used. Each 
organic EL device 1 which constitutes a display panel has the structure which carried out the laminating of two or 
more organic compound ingredient layers 4 which contain a luminous layer on a transparent electrode 3 using 
vacuum deposition etc., and the cathode 5 which consists of a metal electrode one by one. Moreover, the electron 
hole transport stratum functional (a hole injection layer, electron hole transporting bed), the electronic transport 
stratum functional (an electronic injection layer, electronic transporting bed), etc. are suitably prepared other than 
a luminous layer as an organic compound ingredient layer 4 if needed. 

[0003] Since an organic compound ingredient layer is high resistance, he forms an organic compound ingredient 

layer thinly as much as possible, and is trying to lower driver voltage from the former. 

[0004] 

[Problem(s) to be Solved by the Invention] When forming an organic compound ingredient layer thinly as much as 
possible and manufacturing the organic EL device 1 of the above-mentioned configuration, in order to carry out 
sequential formation of each class by vacuum evaporationo etc. at a glass substrate 2 Since it will be hard to vapor- 
deposit a vacuum evaporationo particle with dust 6 in the periphery section of the lower point of contact if the dust 
6 of a foreign matter solid-state etc. exists for example, on an anode plate 3 at the time of vacuum evaporationo of 
each class as shown in drawing 2 The electrode of dust 6 lower periphery section, i.e., shade part, 6a has the 
inclination for the thickness of the organic compound ingredient layer 4 to become thin compared with other fields. 
Consequently, an anode plate 3 and cathode 5 may approach near the dust 6, electric-field concentration may arise, 
and luminescence brightness may change locally. Moreover, an anode plate 3 and cathode 5 may contact depending 
on the case, a short circuit may arise, and it may lead to destruction of a component 1 . 

[0005] Then, although measures, such as washing of the substrate 2 before vacuum evaporationo of each class, 
were taken, it was difficult only now to remove the dust which once adhered thoroughly. The object of this invention 
is offering the organic EL device which controlled generating of the leakage current between a transparent electrode 
and a metal electrode, and its manufacture approach in view of the above-mentioned trouble. 
[0006] 

[Means for Solving the Problem] The organic electroluminescent element by this invention The organic compound 
ingredient layer which contains a transparent electrode and a luminous layer at least on the substrate of 
translucency, It is the organic electroluminescent element which the laminating of a metal electrode and the ** is 
carried out to order, they are formed in it, and has the interface of the maximum refractive-index level difference in 
said organic compound ingredient layer or said transparent electrode by the side of the transparent electrode 
bordering on the luminescence interface of said luminous layer. The organic compound ingredient layer by the side 
of said transparent electrode is characterized by being formed so that it may become more than the thickness that 
produces the minimal value between the luminous efficiency of the primary maximal value in the luminous efficiency 
property over the thickness by the side of the transparent electrode of said organic compound ingredient layer, and 
the secondary maximal value. 

[0007] In the organic electroluminescent element by this invention, thickness by the side of the transparent 
electrode of said organic compound ingredient layer is characterized by the thing for which the optical path from the 
luminescence interface of said luminous layer which emits light considering the light of wavelength lambda as a 
principal component to the interface of said maximum refractive-index level difference spreads one fourth of even 
times, abbreviation, etc. for said wavelength lambda and which is formed so that it may become. It is the organic 
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electroluminescent element according to claim 2 characterized by the thing on which, as for the thickness by the 
side of the metal electrode of said organic compound ingredient layer, the optical path from the luminescence 
interface of said luminous layer to an interface with said metal electrode spreads one fourth of odd times, 
abbreviation, etc. for said wavelength lambda in the organic electroluminescent element by this invention, and which 
is formed so that it may become. 

[0008] Moreover, the manufacture approach of the organic electroluminescent element by this invention The organic 
compound ingredient layer which contains a transparent electrode and a luminous layer at least on the substrate of 
translucency, It is the manufacture approach of an organic electroluminescent element of the laminating of a metal 
electrode and the ** being carried out to order, they being formed in it and having the interface of the maximum 
refractive-index level difference in said organic compound ingredient layer or said transparent electrode by the side 
of the transparent electrode bordering on the luminescence interface of said luminous layer. One or more of said 
organic compound ingredient layers except the luminous layer which should make the light of wavelength lambda 
emit light as a principal component on the transparent electrode formed on the substrate of translucency By 
becoming thickness on which the optical path from the luminescence interface of said luminous layer to the 
interface of said maximum refractive-index level difference spreads one fourth of even times, abbreviation, etc. for 
said wavelength lambda The 1 st organic compound ingredient layer formation process which carries out a laminating 
and forms said organic compound ingredient layer by the side of a transparent electrode, The optical path from the 
luminescence interface of said luminous layer to an interface with said metal electrode a luminous layer and said 
organic compound ingredient layer which remains by becoming thickness which one fourth of odd times, 
abbreviation, etc. for said wavelength lambda spread on said organic compound ingredient layer by the side of said 
transparent electrode the 2nd organic compound ingredient layer formation process which carries out a laminating 
and forms said organic compound ingredient layer by the side of a metal electrode, and the metal-electrode 
formation process which forms a metal electrode on the organic compound ingredient layer by the side of said metal 
electrode — since — it is characterized by becoming. 

[0009] In the manufacture approach of the organic electroluminescent element by this invention, said organic 
compound ingredient layer and metal electrode are characterized by a laminating being carried out by vacuum 
evaporationo. According to this invention, the component which attained leak prevention can be offered, without 
worsening luminous efficiency (brightness ratio to a current) by using the phenomenon in which a high order 
luminous efficiency peak appears, and adjusting the thickness of an organic compound ingredient layer located 
between a transparent electrode and a luminous layer, if the thickness, especially transparent electrode pleural 
membrane thickness of an organic compound ingredient layer are thickened. 
[0010] 

[Embodiment of the Invention] The example of the organic EL device by this invention and its manufacture approach 
is explained referring to a drawing. As a result of investigating two or more properties of the organic EL device 
which thickened transparent electrode pleural membrane thickness of an organic compound ingredient layer one by 
one, by thickening transparent electrode pleural membrane thickness of an organic compound ingredient layer in an 
organic EL device, the artificer did the knowledge of the phenomenon in which a high order luminous efficiency peak 
appears, and resulted in this invention. 

[001 1] It decreases, so that it goes to the metal-electrode side with which distribution of the luminescence 
reinforcement in the inside of a luminous layer is strong with a metal electrode in the interface by the side of the 
transparent electrode with which an electron hole transporting bed etc. exists, and an electronic transporting bed 
etc. exists in an organic EL device, and it is the exponential distribution about the thickness of a luminous layer, and 
the interface by the side of this transparent electrode is known as a luminescence interface which has a 
luminescence peak on the strength. As shown in drawing 3 , in the organic EL device 1 of the structure which 
carried out the laminating of the transparent electrode 3 of ITO, two or more organic compound ingredient layers 4d 
and 4D containing a luminous layer, and the metal electrode 5 one by one, an organic compound ingredient layer is 
divided by 4d and metal-electrode side 4D a transparent electrode side bordering on the luminescence interface 1 0 
of a luminous layer on a glass substrate 2. As shown in drawing 3 , in an organic EL device 1, it can be considered 
that the interface of a metal electrode 5 and organic compound ingredient layer 4D is a total reflection side. 
Therefore, total reflection of the light which faces to a metal electrode from the luminescence interface 10 of a 
luminous layer is carried out with a metal electrode 5, it passes the luminescence interface 1 0, and contributes to 
external luminescence. Of course, most light which faces to a transparent electrode 3 passes a substrate 2, and it 
contributes to external luminescence. 

[0012] on the other hand, since the refractive -index level difference of a glass substrate 2 and a transparent 
electrode 3 is alike and larger than the refractive-index difference of other adjacent layers, the operation of the 
interface of the maximum refractive-index level difference is also remarkable in this transparent electrode side as a 
reflector, the organic compound ingredient layers 4d and 4D — a refractive index — in about 1 .8 abbreviation, since 
the refractive index of a refractive index is about 1 .5 abbreviation in about 2.0 abbreviation at the ITO transparent 
electrode 3 in the glass (soda lime glass) substrate 2, the refractive-index difference between 4d of organic 
compound ingredient layers and a transparent electrode 3 is 0.2, the refractive-index difference between a glass 
substrate 2 and a transparent electrode 3 is 0.5, and in a transparent electrode side, the refractive-index difference 
of a glass substrate 2 and a transparent electrode 3 is max. Therefore, with the light which returns from the 
luminescence interface 10 of a luminous layer to the luminescence interface 10 toward a transparent electrode 3, 
the small refractive-index differences between 4d of organic compound ingredient layers and a transparent 
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electrode 3 etc. are disregarded, and the maximum refractive-index level difference of a glass substrate 2 and a 
transparent electrode 3 is taken into consideration. In addition, the maximum refractive-index level difference can 
also form and form a high refractive-index ingredient not only in a glass substrate and a transparent electrode but in 
the interior of 4d of organic compound ingredient layers. 

[0013] The light emission root which this generated like drawing 3 with the component at the luminescence interface 
Mainly carry out an outside echo with bleedoff and (2) metal electrodes toward the exterior directly from (1) 
luminescence interface, return to a luminescence interface, and it emits toward the exterior. And internal reflection 
is carried out with (3) glass, and it returns to a luminescence interface, and becomes whether to be bleedoff and 
******** toward the exterior, and luminous efficiency is influenced by the nonconformity of interference of the light 
of (2) which returns to an interface, and (3). The design of the film optimal about the luminous layer of the organic 
compound ingredient layer which emits light considering the light of wavelength lambda as a principal component for 
below is explained. 

[0014] First, the interference in the 4d light emission root is considered the transparent electrode side of the 
organic compound ingredient layer of the above (3). As shown in drawing 3 R> 3, when it is the refractive index n 
and Thickness d of the whole light which carries out internal reflection by the interface of a transparent electrode 3 
and substrate glass 2, and returns to a luminescence interface, the optical-path-length 2nd is the sum total of the 
optical path length of an organic compound ingredient layer, and the optical path length of a transparent electrode, 
and is [0015]. 

[Equation 1] 2nd=2(norgdorg+nITOdITO) 

( — the inside of a formula, and norg — the refractive index of 4d of organic compound ingredient layers — in dorg, 
nITO shows the refractive index of a transparent electrode 3, and dITO shows the thickness of a transparent 
electrode 3 for the thickness of 4d of organic compound ingredient layers, respectively — ) — ** — it is expressed. 
Therefore, interference with the wavelength lambda which optical-path-length 2nd of this light to which it goes and 
comes back should emit for which light and take out the light which returns when equal to the product of the wave 
number, and the light which emits light serves as max. Therefore, the optical path from the luminescence interface 
for thickness setting out of 4d of organic compound ingredient layers from which cross protection serves as max as 
shown in drawing 4 to the interface of the maximum refractive -index level difference is [0016]. 
[Equation 2] 2(norgdorg+nITOdITO) =j-lambdatherefore(norgdorg+nITOdITO) =2j- (lambda/4) 
(— the inside of a formula, j= 1 , and 2 and 3 — it is expressed integer) of ... If 4d of organic compound ingredient 
layers and the sum total thickness of a transparent electrode 3 are set up so that it may become near [ this ] the 
optical path, luminous efficiency will improve by interference. Namely, what is necessary is just to form the 
thickness by the side of the transparent electrode of an organic compound ingredient layer so that the optical path 
(norgdorg+nlTOdlTO) to the interface of the maximum refractive-index level difference may spread one fourth of 
even times, abbreviation, etc. for wavelength lambda and it may consist of a luminescence interface 10. 
[0017] Furthermore, the interference in the light emission root of metal-electrode side 4D of the organic compound 
ingredient layer of the above (2) is considered. In the interface of a metal electrode 5 and metal-electrode side 
organic compound ingredient layer 4D, as shown in drawing 3 , since it is an outside echo, it is before and after the 
echo of light, and phase contrast pi arises, therefore, since it is expressed that optical-path-length 2nD when it is 
the refractive index n and Thickness D of metal-electrode side organic compound ingredient layer 4D of the whole 
light which returns to a luminescence interface, optical-path-length 2nD of this light to which it goes and comes 
back is shown in drawing 5 — as — lambda / 2lambda and 3lambda / 5lambda [ 2lambda and ]/2lambda ... emits 
light and when equal to the wavelength which should be taken out, interference with the returning light and the light 
which emits light serves as max. Therefore, the optical path from the thickness 10, i.e., the luminescence interface, 
of organic compound ingredient layer 4D from which cross protection serves as max to the interface of a metal 
electrode 5 is [0018]. 

[Equation 3] 2nD(s)=[2 G~D/2] lambdathereforenD = [2 Q-D/4] It is expressed lambda (2 the inside of a formula, j= 
1,3... integer). If the thickness D of organic compound ingredient layer 4D is set up so that it may become near 
[ this ] the optical path, luminous efficiency will improve by interference. Namely, the thickness D by the side of the 
metal electrode of an organic compound ingredient layer should just form membranes so that the optical path nD to 
an interface with a metal electrode 5 may spread one fourth of odd times, abbreviation, etc. for wavelength lambda 
and may consist of a luminescence interface 10 of a luminous layer. 

[0019] In manufacturing an organic EL device, as 1st organic compound ingredient layer formation process One or 
more of the organic compound ingredient layers except the luminous layer which should make the light of 
wavelength lambda emit light as a principal component on the transparent electrode formed on the substrate of 
translucency By becoming thickness which spreads one fourth of even times, abbreviation, etc. for wavelength 
lambda, the optical path from the luminescence interface of a luminous layer to the interface of the maximum 
refractive-index level difference carries out a laminating, and forms the organic compound ingredient layer by the 
side of a transparent electrode. Then, as 2nd organic compound ingredient layer formation process, by becoming 
thickness by which one fourth of odd times, abbreviation, etc. for wavelength lambda spread a luminous layer and 
the organic compound ingredient layer which remains on the organic compound ingredient layer by the side of a 
transparent electrode, the optical path from the luminescence interface of a luminous layer to an interface with a 
metal electrode carries out a laminating, forms the organic compound ingredient layer by the side of a metal 
electrode, and forms a metal electrode after that on the organic compound ingredient layer by the side of a metal 
electrode. 
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[0020] Thus, when thickness of an organic compound ingredient layer is gradually thickened for the above- 
mentioned component structure, the thickness whose phase of the light emission root corresponds carries out a 
sequential appearance, and the maximal value and the minimal value in the luminous efficiency property over 
thickness by the side of the transparent electrode of an organic compound ingredient layer come to be shown 
especially. When the thickness of an organic compound ingredient layer is set up near the primary maximal value in a 
thickness luminous efficiency property and this thickness was made to increase gradually conventionally, the 
inclination for luminous efficiency to fall gradually was known, but by thickening this thickness further, and setting up 
so that it may become more than the thickness that produces the minimal value between the luminous efficiency of 
the primary secondary maximal value in a thickness luminous efficiency property, luminous efficiency improves until 
it becomes the secondary maximal value. 

[0021] The check by the experiment of the high order maximal value peak appearance in a thickness luminous 
efficiency property was performed. As the thickness of an electron hole transporting bed is changed and it is shown 
in drawing 6 , membranes are formed on a substrate 2 in order of transparent electrode (anode plate) 3 / hole 
injection layer 41 / electron hole transporting bed 42 / luminous layer 43 / electronic injection layer 44 / metal 
electrode (cathode) 5. Each ingredient (thickness) Two or more organic EL devices which made Quinacridone 
addition (60nm) / aluminium-lithium alloy aluminum-Li (100nm) at ITO(1 1 0nm)/MTDATA(25nm)/TPD (40-200nm) / 
aluminum oxine chelate Alq3 were produced. A luminous layer emits light considering light with a wavelength of 
525nm as a principal component. 

[0022] The electrical-potential-difference value (withstand voltage) just before impressing forward voltage 
(electrical potential difference of the direction where a component emits light), measuring brightness current letter— 
of-intent effectiveness, brightness effectiveness, and external quantum efficiency, impressing the driver voltage 
concerning the ends of the component when supplying a fixed current to the forward direction so that it may 
become fixed brightness luminescence further, and reverse voltage and a component's breaking namely, leaking 
about each component was measured. Drawing 7 shows the property of the letter—ofHntent effectiveness about 
TPD thickness, brightness effectiveness, and external quantum efficiency. Drawing 8 shows the property of the 
driver voltage about TPD thickness, and reverse voltage. 

[0023] When it is surmised that the primary peak produces it near the 20nm thickness although pair current 
brightness effectiveness has not appeared in drawing and TPD thickness is further thickened so that clearly from 
drawing 7 , it turns out that the minimal value arose near the 100nm thickness, and the secondary peak has arisen 
near the 1 80nm thickness. Therefore, a practical component property is acquired by doubling with a high order peak, 
even if it thickens TPD thickness. That is, the component which has TPD which serves as 1 70~200nm thickness 
preferably 120nm or more of thickness exceeding the minimal value between the luminous efficiency of the primary 
maximal value in the luminous efficiency property over the TPD thickness by the side of the transparent electrode 
of an organic compound ingredient layer and the secondary maximal value turns into a practical component 
Moreover, when this component thickens TPD thickness so that clearly from drawing 7 , as for pair current driver 
voltage and a durable electrical potential difference, it turns out that it goes up and has withstand voltage property 
sufficient in 1 20nm or more of thickness which produces the minimal value between the luminous efficiency of the 
primary maximal value and the secondary maximal value. 

[0024] Furthermore, leak of a next door component cannot generate sufficiently easily the closing-in part of the 
organic compound ingredient layer 4 in partial 6a which becomes the shade of dust as shown in drawing 2 by 
thickening thickness of the organic compound ingredient layer by which vacuum evaporationo formation is carried 
out by this invention, either. In the 2nd organic compound ingredient layer formation process which carries out a 
laminating, a luminous layer and the organic compound ingredient layer which remains on the organic compound 
ingredient layer by the side of the transparent electrode of the above-mentioned example Although the optical path 
from the luminescence interface of a luminous layer to an interface with a metal electrode forms the organic 
compound ingredient layer by the side of a metal electrode by becoming thickness which spreads one fourth of odd 
times, abbreviation, etc. for wavelength lambda In order to raise this in consideration of the viewing-angle 
dependency of brightness, according to a thickness brightness damping property, the organic compound ingredient 
layer by the side of the metal electrode containing a luminous layer may be formed more thinly than setting-out 
thickness as indicated by patent No. 2843924. 

[0025] Moreover, although only the interface of the glass substrate 2 which is the interface of the maximum 
refractive-index level difference, and a transparent electrode 3 was taken into consideration as a reflector in the 
above-mentioned example, you may utilize as a reflector positively by preparing a translucent layer in the meantime. 
Moreover, what is necessary is to be before and after the echo of light and just to set up Thickness D in 
consideration of phase contrast pi arising, when making an interface act as a reflecting layer using the glass 
substrate which has an extremely larger refractive index than the refractive index of a transparent electrode. 
Moreover, the structure which formed the electron hole transporting bed on the ITO anode plate 1 , without changing 
the thickness of the hole injection layer instead of an electron hole transporting bed, and forming a hole injection 
layer is sufficient. 
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TECHNICAL FIELD 



[Field of the Invention] This invention uses the organic compound which presents the electroluminescence which 
emits light by impregnation of a current and relates to the organic electroluminescent element (henceforth an 
organic EL device) equipped with the luminous layer which consists of this organic electroluminescence ingredient 
and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] Generally, as shown in drawing 1 , the organic EL device using an organic compound 
ingredient is a component of the current impregnation mold which has diode characteristics, and is a component 
which emits light by the brightness corresponding to the amount of currents. The plurality of this component is 
arranged in the shape of a matrix, and a display panel is being developed (JP.8-31 5981 A). The substrate which 
carried out patterning, formed on the glass substrate 2 as the screen by etching after forming the film of indium 
stannic acid ghost ******** ITO, and was made into the anode plate 3 of a transparent electrode is used. Each 
organic EL device 1 which constitutes a display panel has the structure which carried out the laminating of two or 
more organic compound ingredient layers 4 which contain a luminous layer on a transparent electrode 3 using 
vacuum deposition etc., and the cathode 5 which consists of a metal electrode one by one. Moreover, the electron 
hole transport stratum functionale (a hole injection layer, electron hole transporting bed), the electronic transport 
stratum functionale (an electronic injection layer, electronic transporting bed), etc. are suitably prepared other than 
a luminous layer as an organic compound ingredient layer 4 if needed. 

[0003] Since an organic compound ingredient layer is high resistance, he forms an organic compound ingredient 
layer thinly as much as possible, and is trying to lower driver voltage from the former. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] When forming an organic compound ingredient layer thinly as much as 
possible and manufacturing the organic EL device 1 of the above-mentioned configuration, in order to carry out 
sequential formation of each class by vacuum evaporationo etc. at a glass substrate 2 Since it will be hard to vapor- 
deposit a vacuum evaporationo particle with dust 6 in the periphery section of the lower point of contact if the dust 
6 of a foreign matter solid-state etc. exists for example, on an anode plate 3 at the time of vacuum evaporationo of 
each class as shown in drawing 2 The electrode of dust 6 lower periphery section, i.e., shade part 6a has the 
inclination for the thickness of the organic compound ingredient layer 4 to become thin compared with other fields. 
Consequently, an anode plate 3 and cathode 5 may approach near the dust 6, electric-field concentration may arise, 
and luminescence brightness may change locally. Moreover, an anode plate 3 and cathode 5 may contact depending 
on the case, a short circuit may arise, and it may lead to destruction of a component 1 . 

[0005] Then, although measures, such as washing of the substrate 2 before vacuum evaporationo of each class, 
were taken, it was difficult only now to remove the dust which once adhered thoroughly. The object of this invention 
is offering the organic EL device which controlled generating of the leakage current between a transparent electrode 
and a metal electrode, and its manufacture approach in view of the above-mentioned trouble. 



[Translation done.] 



http://vmw4.ipdl.ncipi.gojp/cgi-bin/tran.web_cgi_eije 



2006/04/24 



JP,2000-243573,A [MEANS] 



1/4 v> 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The organic electroluminescent element by this invention The organic compound 
ingredient layer which contains a transparent electrode and a luminous layer at least on the substrate of 
translucency, It is the organic electroluminescent element which the laminating of a metal electrode and the ** is 
carried out to order, they are formed in it, and has the interface of the maximum refractive-index level difference in 
said organic compound ingredient layer or said transparent electrode by the side of the transparent electrode 
bordering on the luminescence interface of said luminous layer. The organic compound ingredient layer by the side 
of said transparent electrode is characterized by being formed so that it may become more than the thickness that 
produces the minimal value between the luminous efficiency of the primary maximal value in the luminous efficiency 
property over the thickness by the side of the transparent electrode of said organic compound ingredient layer, and 
the secondary maximal value. 

[0007] In the organic electroluminescent element by this invention, thickness by the side of the transparent 
electrode of said organic compound ingredient layer is characterized by the thing for which the optical path from the 
luminescence interface of said luminous layer which emits light considering the light of wavelength lambda as a 
principal component to the interface of said maximum refractive-index level difference spreads one fourth of even 
times, abbreviation, etc. for said wavelength lambda and which is formed so that it may become. It is the organic 
electroluminescent element according to claim 2 characterized by the thing on which, as for the thickness by the 
side of the metal electrode of said organic compound ingredient layer, the optical path from the luminescence 
interface of said luminous layer to an interface with said metal electrode spreads one fourth of odd times, 
abbreviation, etc. for said wavelength lambda in the organic electroluminescent element by this invention, and which 
is formed so that it may become. 

[0008] Moreover, the manufacture approach of the organic electroluminescent element by this invention The organic 
compound ingredient layer which contains a transparent electrode and a luminous layer at least on the substrate of 
translucency, It is the manufacture approach of an organic electroluminescent element of the laminating of a metal 
electrode and the ** being carried out to order, they being formed in it, and having the interface of the maximum 
refractive-index level difference in said organic compound ingredient layer or said transparent electrode by the side 
of the transparent electrode bordering on the luminescence interface of said luminous layer. One or more of said 
organic compound ingredient layers except the luminous layer which should make the light of wavelength lambda 
emit light as a principal component on the transparent electrode formed on the substrate of translucency By 
becoming thickness on which the optical path from the luminescence interface of said luminous layer to the 
interface of said maximum refractive-index level difference spreads one fourth of even times, abbreviation, etc. for 
said wavelength lambda The 1st organic compound ingredient layer formation process which carries out a laminating 
and forms said organic compound ingredient layer by the side of a transparent electrode, The optical path from the 
luminescence interface of said luminous layer to an interface with said metal electrode a luminous layer and said 
organic compound ingredient layer which remains by becoming thickness which one fourth of odd times, 
abbreviation, etc. for said wavelength lambda spread on said organic compound ingredient layer by the side of said 
transparent electrode the 2nd organic compound ingredient layer formation process which carries out a laminating 
and forms said organic compound ingredient layer by the side of a metal electrode, and the metal-electrode 
formation process which forms a metal electrode on the organic compound ingredient layer by the side of said metal 
electrode — since — it is characterized by becoming. 

[0009] In the manufacture approach of the organic electroluminescent element by this invention, said organic 
compound ingredient layer and metal electrode are characterized by a laminating being carried out by vacuum 
evaporationo. According to this invention, the component which attained leak prevention can be offered, without 
worsening luminous efficiency (brightness ratio to a current) by using the phenomenon in which a high order 
luminous efficiency peak appears, and adjusting the thickness of an organic compound ingredient layer located 
between a transparent electrode and a luminous layer, rf the thickness, especially transparent electrode pleural 
membrane thickness of an organic compound ingredient layer are thickened. 
[0010] 

[Embodiment of the Invention] The example of the organic EL device by this invention and its manufacture approach 
is explained referring to a drawing. As a result of investigating two or more properties of the organic EL device 
which thickened transparent electrode pleural membrane thickness of an organic compound ingredient layer one by 
one, by thickening transparent electrode pleural membrane thickness of an organic compound ingredient layer in an 
organic EL device, the artificer did the knowledge of the phenomenon in which a high order luminous efficiency peak 
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appears, and resulted in this invention. 

[001 1] It decreases, so that it goes to the metal-electrode side with which distribution of the luminescence 
reinforcement in the inside of a luminous layer is strong with a metal electrode in the interface by the side of the 
transparent electrode with which an electron hole transporting bed etc. exists, and an electronic transporting bed 
etc. exists in an organic EL device, and it is the exponential distribution about the thickness of a luminous layer, and 
the interface by the side of this transparent electrode is known as a luminescence interface which has a 
luminescence peak on the strength. As shown in drawing 3 , in the organic EL device 1 of the structure which 
carried out the laminating of the transparent electrode 3 of UO, two or more organic compound ingredient layers 4d 
and 4D containing a luminous layer, and the metal electrode 5 one by one, an organic compound ingredient layer is 
divided by 4d and metal-electrode side 4D a transparent electrode side bordering on the luminescence interface 10 
of a luminous layer on a glass substrate 2. As shown in drawing 3 , in an organic EL device 1, it can be considered 
that the interface of a metal electrode 5 and organic compound ingredient layer 4D is a total reflection side. 
Therefore, total reflection of the light which faces to a metal electrode from the luminescence interface 1 0 of a 
luminous layer is carried out with a metal electrode 5, it passes the luminescence interface 10, and contributes to 
external luminescence. Of course, most light which faces to a transparent electrode 3 passes a substrate 2, and it 
contributes to external luminescence. 

[0012] on the other hand, since the refractive-index level difference of a glass substrate 2 and a transparent 
electrode 3 is alike and larger than the refractive-index difference of other adjacent layers, the operation of the 
interface of the maximum refractive-index level difference is also remarkable in this transparent electrode side as a 
reflector, the organic compound ingredient layers 4d and 4D — a refractive index — in about 1 .8 abbreviation, since 
the refractive index of a refractive index is about 1 .5 abbreviation in about 2.0 abbreviation at the UO transparent 
electrode 3 in the glass (soda lime glass) substrate 2, the refractive-index difference between 4d of organic 
compound ingredient layers and a transparent electrode 3 is 0.2, the refractive-index difference between a glass 
substrate 2 and a transparent electrode 3 is 0.5, and in a transparent electrode side, the refractive-index difference 
of a glass substrate 2 and a transparent electrode 3 is max. Therefore, with the light which returns from the 
luminescence interface 10 of a luminous layer to the luminescence interface 10 toward a transparent electrode 3, 
the small refractive-index differences between 4d of organic compound ingredient layers and a transparent 
electrode 3 etc. are disregarded, and the maximum refractive-index level difference of a glass substrate 2 and a 
transparent electrode 3 is taken into consideration. In addition, the maximum refractive-index level difference can 
also form and form a high refractive-index ingredient not only in a glass substrate and a transparent electrode but in 
the interior of 4d of organic compound ingredient layers. 

[0013] The light emission root which this generated like drawing 3 with the component at the luminescence interface 
Mainly carry out an outside echo with bleedoff and (2) metal electrodes toward the exterior directly from (1) 
luminescence interface, return to a luminescence interface, and it emits toward the exterior. And internal reflection 
is carried out with (3) glass, and it returns to a luminescence interface, and becomes whether to be bleedoff and 
******** toward the exterior, and luminous efficiency is influenced by the nonconformity of interference of the light 
of (2) which returns to an interface, and (3). The design of the film optimal about the luminous layer of the organic 
compound ingredient layer which emits light considering the light of wavelength lambda as a principal component for 
below is explained. 

[0014] First, the interference in the 4d light emission root is considered the transparent electrode side of the 
organic compound ingredient layer of the above (3). As shown in drawing 3 R> 3, when it is the refractive index n 
and Thickness d of the whole light which carries out internal reflection by the interface of a transparent electrode 3 
and substrate glass 2, and returns to a luminescence interface, the optical-path-length 2nd is the sum total of the 
optical path length of an organic compound ingredient layer, and the optical path length of a transparent electrode, 
and is [001 5]. 

[Equation 1] 2nd=2(norgdorg+nITOdITO) 

( — the inside of a formula, and norg — the refractive index of 4d of organic compound ingredient layers — in dorg, 
nITO shows the refractive index of a transparent electrode 3. and dITO shows the thickness of a transparent 
electrode 3 for the thickness of 4d of organic compound ingredient layers, respectively — ) — ** — it is expressed. 
Therefore, interference with the wavelength lambda which optical-path-length 2nd of this light to which it goes and 
comes back should emit for which light and take out, the light which returns when equal to the product of the wave 
number, and the light which emits light serves as max. Therefore, the optical path from the luminescence interface 
for thickness setting out of 4d of organic compound ingredient layers from which cross protection serves as max as 
shown in drawing 4 to the interface of the maximum refractive-index level difference is [001 6]. 
[Equation 2] 2(norgdorg+nITOdITO) =j-!ambdatherefore(norgdorg+nITOdITO) =2j- (lambda/4) 
( — the inside of a formula, j= 1 , and 2 and 3 — it is expressed integer) of ... If 4d of organic compound ingredient 
layers and the sum total thickness of a transparent electrode 3 are set up so that it may become near [ this ] the 
optical path, luminous efficiency will improve by interference. Namely, what is necessary is just to form the 
thickness by the side of the transparent electrode of an organic compound ingredient layer so that the optical path 
(norgdorg+nlTOdrTO) to the interface of the maximum refractive-index level difference may spread one fourth of 
even times, abbreviation, etc. for wavelength lambda and it may consist of a luminescence interface 1 0. 
[001 7] Furthermore, the interference in the light emission root of metal-electrode side 4D of the organic compound 
ingredient layer of the above (2) is considered. In the interface of a metal electrode 5 and metal-electrode side 
organic compound ingredient layer 4D, as shown in drawing 3 , since it is an outside echo, it is before and after the 
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echo of light, and phase contrast pi arises, therefore, since it is expressed that optical-path-length 2nD when it is 
the refractive index n and Thickness D of metal-electrode side organic compound ingredient layer 4D of the whole 
light which returns to a luminescence interface, optical-path-length 2nD of this light to which it goes and comes 
back is shown in drawing 5 — as — lambda / 2lambda and 3lambda / 5lambda [ 2lambda and ]/2lambda ... emits 
light and when equal to the wavelength which should be taken out, interference with the returning light and the light 
which emits light serves as max. Therefore, the optical path from the thickness 1 0, i.e., the luminescence interface, 
of organic compound ingredient layer 4D from which cross protection serves as max to the interface of a metal 
electrode 5 is [001 8]. 

[Equation 3] 2nD(s)=[2 G~D/2] lambdathereforenD = [2 (j-1)/4] It is expressed lambda (2 the inside of a formula, j= 
1,3... integer). If the thickness D of organic compound ingredient layer 4D is set up so that it may become near 
[ this ] the optical path, luminous efficiency will improve by interference. Namely, the thickness D by the side of the 
metal electrode of an organic compound ingredient layer should just form membranes so that the optical path nD to 
an interface with a metal electrode 5 may spread one fourth of odd times, abbreviation, etc. for wavelength lambda 
and may consist of a luminescence interface 10 of a luminous layer. 

[0019] In manufacturing an organic EL device, as 1st organic compound ingredient layer formation process One or 
more of the organic compound ingredient layers except the luminous layer which should make the light of 
wavelength lambda emit light as a principal component on the transparent electrode formed on the substrate of 
translucency By becoming thickness which spreads one fourth of even times, abbreviation, etc. for wavelength 
lambda, the optical path from the luminescence interface of a luminous layer to the interface of the maximum 
refractive-index level difference carries out a laminating, and forms the organic compound ingredient layer by the 
side of a transparent electrode. Then, as 2nd organic compound ingredient layer formation process, by becoming 
thickness by which one fourth of odd times, abbreviation, etc. for wavelength lambda spread a luminous layer and 
the organic compound ingredient layer which remains on the organic compound ingredient layer by the side of a 
transparent electrode, the optical path from the luminescence interface of a luminous layer to an interface with a 
metal electrode carries out a laminating, forms the organic compound ingredient layer by the side of a metal 
electrode, and forms a metal electrode after that on the organic compound ingredient layer by the side of a metal 
electrode. 

[0020] Thus, when thickness of an organic compound ingredient layer is gradually thickened for the above- 
mentioned component structure, the thickness whose phase of the light emission root corresponds carries out a 
sequential appearance, and the maximal value and the minimal value in the luminous efficiency property over 
thickness by the side of the transparent electrode of an organic compound ingredient layer come to be shown 
especially. When the thickness of an organic compound ingredient layer is set up near the primary maximal value in a 
thickness luminous efficiency property and this thickness was made to increase gradually conventionally, the 
inclination for luminous efficiency to fall gradually was known, but by thickening this thickness further, and setting up 
so that it may become more than the thickness that produces the minimal value between the luminous efficiency of 
the primary secondary maximal value in a thickness luminous efficiency property, luminous efficiency improves until 
it becomes the secondary maximal value. 

[0021] The check by the experiment of the high order maximal value peak appearance in a thickness luminous 
efficiency property was performed. As the thickness of an electron hole transporting bed is changed and it is shown 
in drawing 6 , membranes are formed on a substrate 2 in order of transparent electrode (anode plate) 3 / hole 
injection layer 41 / electron hole transporting bed 42 / luminous layer 43 / electronic injection layer 44 / metal 
electrode (cathode) 5. Each ingredient (thickness) Two or more organic EL devices which made Quinacridone 
addition (60nm) / aluminium-lithium alloy aluminum-Li (100nm) at ITO(1 10nm)/MTDATA(25nm)/TPD (40-200nm) / 
aluminum oxine chelate Alq3 were produced. A luminous layer emits light considering light with a wavelength of 
525nm as a principal component 

[0022] The electrical-potential-difference value (withstand voltage) just before impressing forward voltage 
(electrical potential difference of the direction where a component emits light), measuring brightness current letter- 
of-intent effectiveness, brightness effectiveness, and external quantum efficiency, impressing the driver voltage 
concerning the ends of the component when supplying a fixed current to the forward direction so that it may 
become fixed brightness luminescence further, and reverse voltage and a component's breaking namely, leaking 
about each component was measured. Drawing 7 shows the property of the letter-ofHntent effectiveness about 
TPD thickness, brightness effectiveness, and external quantum efficiency. Drawing 8 shows the property of the 
driver voltage about TPD thickness, and reverse voltage. 

[0023] When it is surmised that the primary peak produces it near the 20nm thickness although pair current 
brightness effectiveness has not appeared in drawing and TPD thickness is further thickened so that clearly from 
drawing 7 , it turns out that the minimal value arose near the 100nm thickness, and the secondary peak has arisen 
near the 1 80nm thickness. Therefore, a practical component property is acquired by doubling with a high order peak, 
even if it thickens TPD thickness. That is, the component which has TPD which serves as 1 70-200nm thickness 
preferably 1 20nm or more of thickness exceeding the minimal value between the luminous efficiency of the primary 
maximal value in the luminous efficiency property over the TPD thickness by the side of the transparent electrode 
of an organic compound ingredient layer and the secondary maximal value turns into a practical component 
Moreover, when this component thickens TPD thickness so that clearly from drawing 7 , as for pair current driver 
voltage and a durable electrical potential difference, it turns out that it goes up and has withstand voltage property 
sufficient in 120nm or more of thickness which produces the minimal value between the luminous efficiency of the 
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primary maximal value and the secondary maximal value. 

[0024] Furthermore, leak of a next door component cannot generate sufficiently easily the closing-in part of the 
organic compound ingredient layer 4 in partial 6a which becomes the shade of dust as shown in drawing 2 by 
thickening thickness of the organic compound ingredient layer by which vacuum evaporationo formation is carried 
out by this invention, either. In the 2nd organic compound ingredient layer formation process which carries out a 
laminating, a luminous layer and the organic compound ingredient layer which remains on the organic compound 
ingredient layer by the side of the transparent electrode of the above-mentioned example Although the optical path 
from the luminescence interface of a luminous layer to an interface with a metal electrode forms the organic 
compound ingredient layer by the side of a metal electrode by becoming thickness which spreads one fourth of odd 
times, abbreviation, etc. for wavelength lambda In order to raise this in consideration of the viewing-angle 
dependency of brightness, according to a thickness brightness damping property, the organic compound ingredient 
layer by the side of the metal electrode containing a luminous layer may be formed more thinly than setting-out 
thickness as indicated by patent No. 2843924. 

[0025] Moreover, although only the interface of the glass substrate 2 which is the interface of the maximum 
refractive-index level difference, and a transparent electrode 3 was taken into consideration as a reflector in the 
above-mentioned example, you may utilize as a reflector positively by preparing a translucent layer in the meantime. 
Moreover, what is necessary is to be before and after the echo of light and just to set up Thickness D in 
consideration of phase contrast pi arising, when making an interface act as a reflecting layer using the glass 
substrate which has an extremely larger refractive index than the refractive index of a transparent electrode. 
Moreover, the structure which formed the electron hole transporting bed on the ITO anode plate 1 , without changing 
the thickness of the hole injection layer instead of an electron hole transporting bed, and forming a hole injection 
layer is sufficient 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an organic EL device. 

[Drawing 2] It is the sectional view showing the organic EL device in a manufacture process. 
[Drawing 3] It is the sectional view showing the organic EL device by this invention. 

[Drawing 4] It is the sectional view showing the internal reflection in the organic compound ingredient layer of the 
organic EL device by this invention. 

[Drawing 5] It is the sectional view showing the outside echo in the organic compound ingredient layer of the organic 
EL device by this invention. 

[Drawing 6] It is the sectional view of the example of the organic EL device by this invention. 
[Drawing 7] It is the graph which shows the property of the letter—of-intent effectiveness about the electron hole 
transporting bed thickness of the organic EL device by this invention, brightness effectiveness, and external 
quantum efficiency. 

[Drawing 8] It is the graph which shows the property of the driver voltage about the electron hole transporting bed 
thickness of the organic EL device by this invention, and reverse voltage. 

[Drawing 9 ] It is the sectional view of other examples of the organic EL device by this invention. 
[Description of Notations] 

1 Organic EL Device 

2 Transparence Substrate 

3 Transparent Electrode 

4 Organic Compound Ingredient Layer 

5 Metal Electrode 

10 Luminescence Interface 

41 Hole Injection Layer 

42 Electron Hole Transporting Bed 

43 Luminous Layer 

44a Electronic transporting bed 

44 Electronic Injection Layer 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 5] 
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[Drawing 6] 
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[Drawing 8] 
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